and NT-proBNP and parameters of infarct size, LV function, and LV volume after acute MI using delayed enhancement (DE) multidetector computed tomography (MDCT) and two-dimensional (2D) echocardiography.
Subjects and Methods

Patient selection
This is a sub-study of our recent prospective, randomized trial evaluating the effect of thrombus aspiration on infarct size utilizing DE MDCT. 15) We designed and conducted the research on 86 patients with ST-segment-elevation MI between April 2009 and March 2011. 15) Details of the study protocol have been described. 15) All of the 86 patients from the trial were included in the present study. The inclusion criteria were acute ST-elevation MI within <12 hours after the onset of symptom and the ability to undergo a complete MDCT examination (Killip I and II) with the ability to hold their breath for 15-seconds. Exclusion criteria were previous MI or coronary artery bypass graft surgery, cardiogenic shock, left main disease, severe valvular heart disease, unsuccessful percutaneous coronary intervention (PCI) {post-PCI Thromolysis In Myocardial Infarction (TIMI) flow <2 or ≥50% residual stenosis in the infarctrelated artery}, rescue or facilitated PCI, contraindication to glycoprotein IIb/IIIa inhibitors, and the inability to obtain informed consent. Fig. 1 shows the scheme of the study.
Medication
Before PCI, patients were treated with aspirin (a bolus of 300 mg, followed by 100 mg/day), clopidogrel (600 mg followed by 75 mg/ day), intravenous unfractionated heparin, and intravenous nitroglycerin. Oral atenolol 50-100 mg was given to optimize the heart rate so that it was ≤65 beats per minute prior to the computed tomography (CT) scan, unless contraindicated. During PCI, 5,000 to 10,000 IU of heparin was administered guided by measurements of activated clotting time. In patients with atrial fibrillation, a large dyskinetic area of the left ventricle, and in immobile patients, heparin was maintained for between one to three days after the sheath was removed. Glycoprotein IIb/IIIa inhibitor (abciximab) and thrombus aspiration were performed at the discretion of the operator. Standard long-term therapies after PCI included aspirin 100 mg, clopidogrel 75 mg, beta-blockers, statin, and angiotensin-converting enzyme inhibitors or angiotensin II receptor blockers, according to current international guidelines.
16)
Coronary angiography
A coronary angiogram was obtained at the baseline (i.e., before the PCI procedure) and after the procedure (i.e., after stent placement). TIMI flow grades were estimated as previously described. 17) Total iodine volume and time lasting from the last coronary injection to the CT scan were measured. The TIMI myocardial perfusion grade was assessed after PCI. 18) The evaluation of the myocardial blush grade was performed as described by van't Hof et al.
19)
Electrocardiography A standard 12-lead electrocardiography (ECG) was acquired at the time of presentation and 90 minutes after the end of the procedure. The magnitude of ST-segment elevation was measured 60 milliseconds from J point. The ST-segment score was calculated as the sum of the ST-segment elevation >0.1 mV for leads V1 through V6 and I, II, and aVL in anterior infarction and I, II, aVF, V5, and V6 in non-anterior infarction. The resolution percentage of STsegment elevation was categorized as complete (>70%), partial (30%-70%), or absent (<30%).
20)
Cardiac computed tomography scans for delayed enhancement
Cardiac CT scans were performed with a 64-slice MDCT scanner (Sensation Cardiac CT 64; Siemens Medical Solutions, Erlangen, , Bayer Schering Pharma, Berlin, Germany), was only administered during coronary angioplasty; additional contrast material was not given specifically for the cardiac CT scan. The median total volume of contrast material used during the revascularization procedure was 160 mL and the median time delay between the last contrast injection and the CT acquisition was 13 min. Follow-up cardiac CT scans were performed at two months after PCI. After the coronary CT angiography, five-minute delayed CT scanning was performed using the same technique as in the initial CT scan except for the contrast enhancement. For the contrast enhancement, 60-70 mL of iopromide (Ultravist 370 ® , Bayer Schering Pharma, Berlin, Germany) was injected via the antecubital vein, followed by 60 mL of saline chase at a rate of 4 mmL/s. Image reconstructions were performed on a 3D workstation (Wizard TM , Siemens medical solution, Forchheim, Germany) during the middiastolic phase (75% of the cardiac cycle). The volume of myocardium with delayed contrast enhancement on cardiac CT imaging was assessed using a 15-mm thick multi-planar reconstruction in the short axis and horizontal long axis. Average radiation exposure for each cardiac CT was 4.5 millisievert (dose length product: 264 milligray.cm, conversion factor: 0.017 millisievert/milligray.cm, scan range: from the proximal left anterior descending artery upper 2-3 cm to the cardiac apex lower 1-2 cm).
Infarct size, left ventricular function and volume measurement
The infarct size was measured by assessing the regional extent of DE using a cardiac MDCT scan immediately after the PCI and at two months after the procedure to estimate the infarct size, which was defined by the total volume (mL) of myocardium showing DE.
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Biochemical measurements
Cardiac markers were measured serially up to 36 hours after admission to the hospital. Hs-CRP and NT-proBNP were measured at admission, and 24 hours and two months following hospitalization. Cardiac troponin I was measured with the heterogeneous immunoassay module cardiac troponin-I flex ® reagent cartridge for Dimension ® (Date Behring, Marburg, Germany). Cardiac troponin-T was determined by an electrochemiluminescence immunoassay on the Elecsys 2010 system (Roche Diagnostics, Mannheim, Germany). Serum hs-CRP was determined by using particle-enhanced immunonephelometry (CardioPhase ® hs-CRP, Siemens Medical Solutions Diagnostics, Deerfield, USA). Serum NT-proBNP was measured by a monoclonal electrochemiluminescence immunoassay (Elecsys proBNP II; Roche Diagnostics; Mannheim, Germany) on an analyzer (MODULAR ANALYTICS EVO, E170 module; Roche Diagnostics; Mannheim, Germany).
Statistical analysis
Continuous variables were expressed as mean standard deviation (±SD) and were compared between groups with the student t test or paired t test when normally distributed; they were expressed as median (interquartile range) and were compared with the MannWhitney U test or a Wilcoxon signed rank test when the data did Table 1 . Baseline clinical characteristics and laboratory findings
Clinical characteristics n=86
Age ( Values are expressed as mean±SD, n (%), or median (interquartile range) unless otherwise specified.
not fit a normal distribution, as evaluated by the KolmogorovSmirnov test. Correlations between serum hs-CRP or NT-proBNP and the two-month change in the indices of infarct size, LV function, and LV volumes were measured by the Spearman correlation coefficient at a significance level of 0.05. Changes in hs-CRP and NTproBNP levels from baseline values were evaluated using repeated measurements-analysis of variance tests after log transformation. The Statistical Package for the Social Sciences version 17.0 (SPSS Inc, Chicago, IL, USA) was used for all statistical analysis. Table 1 and 2 list baseline clinical characteristics and procedural results of the study patients. Table 3 and 4 show changes in levels of hs-CRP and NT-proBNP and indices of infarct size, LV function, and LV volume over the two months. Both hs-CRP and NT-proBNP levels changed significantly over the two months. The index significantly increased at two months compared to the baseline: 52.7±16.8 mL/m 2 vs. 44.4±18.8 mL/m 2 , p=0.022. Table 5 and 6 reveal the correlation between the indices of infarct size, LV function, and LV volume and hs-CRP and NT-proBNP at admission, and 24 hours and two months later. The level of hs-CRP at 24 hours was positively correlated with peak troponin-I level (r=0.452, p=0.002), infarct size by DE MDCT at the baseline (r=0.560, p<0.001) and negatively correlated with LV ejection fraction at the baseline (r=-0.375, p=0.010). However, the level of hs-CRP at two months had no relationship to infarct size, LV function, or LV volumes. NT-proBNP at 24 hours was positively correlated with peak troponin-I level (r=0.364, p=0.027), infarct size by DE MDCT at the baseline (r=0.394, p=0.016) and negatively correlated with LV ejection fraction at the baseline (r=-0.591, p<0.001). NT-proBNP at two months showed a significant correlation with the infarct size at two months (r=0.561, p=0.007), LV ejection fraction at two months (r=-0.539, p=0.010), and LV end diastolic and systolic volume indices at two months (r=0.796, p=0.032 and r=0.831, p=0.021, respectively). Forty-five patients (52%) developed LV remodeling at two months and the NT-proBNP level was significantly higher in these patients compared to those without LV remodeling: 929 pg/ mL (680 to 2544) vs. 134 pg/mL (78 to 411), p=0.002. Table 7 and 8 show differences in infarct size, LV function, and LV volumes according to levels of hs-CRP and NT-proBNP dichotomized Table 2 . Procedural characteristics
Results
Procedural characteristics n=86
Culprit coronary artery Values are presented as median (interquartile range). Hs-CRP: high-sensitivity C-reactive protein, NT-proBNP: N-terminal pro-B-type natriuretic peptide by the median values at the baseline, and 24 hours and two months later, respectively. Overall, the results were similar to those of bivariate correlation comparisons. The higher hs-CRP group at 24 hours showed a higher level of peak troponin-I and lower LV ejection fraction. There were no differences between higher and lower hs-CRP groups at the baseline and at two months. Higher NT-proBNP groups at 24 hours and two months showed larger infarct size and lower LV ejection fraction.
Discussion
The present study revealed that elevated hs-CRP during myocardial damage was associated with infarct size and LV dysfunction, whereas elevated levels of NT-proBNP 24 hours and two months after the onset of acute MI were both correlated with infarct size, LV dysfunction, and LV remodeling.
DE MDCT was utilized in our study to determine infarct size during the acute phase and two months later. DE MDCT immediately after primary PCI accurately quantifies the infarct size without the need for additional contrast injection in patients with ST-elevation MI, 21) whereas nuclear testing or cardiac magnetic resonance imaging (MRI) is difficult to perform in an acute setting and the gadolinium-enhanced region on an MRI may include interstitial edema in reversibly injured myocardium within the periinfarct zone.
This may lead to overestimating the infarct size when performed within the first week after the onset of acute MI. 24) In addition, a recent study demonstrated the prognostic value of myocardial contrast DE with MDCT after acute MI. 25) Increased C-reactive protein (CRP) levels in acute MI have been associated with enzymatic infarct size and adverse clinical hours of the onset of symptoms in a study of 448 patients with acute MI (ST-elevation MI: 76%) was associated with larger echocardiographic infarct size, 30-day mortality, and the development of heart failure. 4) In contrast, CRP measured within six hours of symptom-onset in 483 patients with acute ST-elevation MI was not associated with 30-day mortality or the development of heart failure. 5) Similarly, CRP measured two months after acute MI in a study of 957 patients was not a predictor of cardiac death or recurrent nonfatal MI during a two-year follow-up. 27) These discrepancies may in part be explained by the timing of CRP measurement, indicating that the peak CRP level after acute MI may predict an early clinical outcome. Recently, it has been indicated that CRP levels are associated with the development of post-MI LV remodeling, as well as being a predictor of long-term prognosis in patients with acute MI. 11)12)14) In our study, however, hs-CRP failed to show a correlation with either indices of LV remodeling or with infarct size at two months. This may be because all patients in our study received successful reperfusion therapy and global LV function was relatively preserved. This seemed to limit the development of significant LV remodeling.
The plasma level of BNP in patients with acute MI reaches a peak approximately 20 hours after the onset of symptoms, and this may reflect an acute phase reaction to the extent and severity of the initial ischemic insult. 28)29) A second peak may occur between four and seven days later probably in relation to infarct expansion and subsequent LV dysfunction and remodeling. 13)28) In the present study,
NT-proBNP at 24 hours was correlated with initial infarct size and LV ejection fraction. NT-proBNP at two months showed a correlation with LV ejection fraction and LV volumes at two months. There was no correlation between NT-proBNP level at 24 hours and LV volumes at two months. This may indicate that increases in NTproBNP levels at 24 hours are related more to the acute phase response associated with early myocardial necrosis after acute MI than to the persistently increased regional mechanical force, whereas NT-proBNP levels at two months reflect progressive LV remodeling. 13) Elevated BNP levels at various time points (<6-12 hours, 24-96 hours, 3-4 weeks) after acute MI have been associated with increased mortality. [5] [6] [7] [8] [9] [10] The results of our study are in agreement with similar studies incorporating left ventriculography, 13) 14) or cardiac MRI, 30) and may provide a theoretical basis for the prognostic benefit of NT-proBNP in patients with acute MI. However, our analysis did not show a significant relationship between NT-proBNP on admission and parameters of infarct size and LV function. This may be related to the small sample size and to the fact that LV function was relatively preserved in our population, in which all patients were treated with successful primary PCI, followed by optimal pharmacologic treatment.
There are limitations to the present study. Only a moderate correlation was observed between hs-CRP and NT-proBNP and parameters of infarct size, LV function, and LV volumes. This may be as a result of successful reperfusion therapy in all patients during the early stage of acute MI, thereby limiting infarct expansion and severe LV dysfunction. In addition, the number of patients was small for comparative study or logistic multivariate analysis to assess the clinical outcome.
In conclusion, increased levels of hs-CRP and NT-proBNP 24 hours after acute MI reflect the extent of and reaction to myocardial damage. Elevated hs-CRP 24 hours after the onset of acute MI is associated with infarct size and LV dysfunction, whereas elevated levels of NT-proBNP 24 hours and two months after the onset of acute MI are both correlated with infarct size, LV dysfunction, and LV remodeling. These observations may help understand the timedependent utility of these myocardial performance markers in patients with acute MI.
